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HISTOCHEMICAL STUDIES OF KERATOHYALIN IN HUMAN EPIDERMIS*
L. SZODORAY, M.D. AND C. NAGY-VEZEKENYI, M.D.
The nature and role of the so-called kerato-
hyalin granules (KG) has always aroused the
interest of dermatologists and histochemists.
Some of them postulated that the KG were
merely by-products of keratinization, while
others thought that they played a role in the
intricate chemical process of keratinization. In
their recent electron microscopic study of KG,
Matoltsy et at (1) made the interesting observa-
tion that these granules were electron dense,
osmiophilie structures which were resistant to a
number of enzymes, but dissolved by high con-
centrations of urea.
In an earlier study, Leuchtenberger and Lund
(2) found that KG did not give a positive Feul-
gen-reaetion and therefore did not contain DNA.
On the other hand, the presence of RNA was
proved by incubating the sections with RNAse;
after such treatment, no KG could be revealed
in the stratum granulosum by staining with
toluidine blue. These findings were confirmed
with methyl green-pyronin staining which gives
a vivid red color in the granular layer.
Another salient feature of KG is their Gram
positivity (Fig. 1). Some authors ascribed this
reaction to their —SH content (3), while others
emphasized that KG did not contain —SH groups
(4). Matoltsy showed that KG had a relatively
low isoeleetrie point (1). The Gram-positivity
may be partly due to this circumstance. Be-
cause of their osmiophilia, it was assumed that
KG contained lipids.
MATERIAL5 AND METIIOO5
For histochemieal studies of KG, we used
freshly excised normal human skin from surgical
specimens and excised psoriatie skin, fixed in 10%
formaldehyde solution. The tissues were embedded
in paraffin. Gram staining was performed with the
classical method: Gentian violet and Lugol-solu-
tion, counterstained with Nuclear Fast Red,
differentiated for a short time in absolute alcohol
and rinsed with distilled water. In addition, in a
series of experiments, we also used bromine water
instead of Lugol solution. In another series, we
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treated frozen sections without embedding with
bromine vapor and then stained them according
to Gram. For the detection of keratin and lipid
components after oxidation, we stained with 3%
aqueous Alcian Blue; selective oxidation was per-
formed with Pearse's method, using peraeetie acid,
followed by 2% cobalt nitrate and 0.5% ammonia
solutions.
With the Giemsa stain the metaehromatie na-
ture of KG is revealed by their intense purple
red color. In order to elucidate the basis of this
metaehromasis, we used a typical mucopolysae-
eharide stain, such as the Ritter-Oleson method,
which stains KG intensely blue owing to presence
of acid mueopolysaceharides. This interpretation
is in agreement with Fleseh's data (5).
For the selective demonstration of the stratum
lueidum we used Congo red. With this method the
layer stains brilliant red (Fig. 1).
RESULTS
The Gram-positivity of the horny layer has
been stressed by Ernst (6). The assumption that
the Gram-positivity of KG is caused by their
—SH content (7) has been much disputed. One of
us (4) refuted this view by showing that KG
could not be stained with the Barnett-Seligman
method which is specific for —SH and —S—S-—
groups.
One of us (8) by careful differentiation of the
pararosaniline staining with alcohol succeeded in
demonstrating faintly Gram-positive filamentous
structures in the Malpighian layer. For more
distinct staining, we exposed the sections to
bromine vapor before staining them with Gram's
method (Fig. 2). Together with the Gram-posi-
tive KG, these structures abruptly disappear in
the deepest layers of the stratum eorneum.
Fischer (3, 9) attributed the Gram-positivity
to the —SH groups of the structure, while
Matoltsyet at (1) stressed that KG did not contain
—SH groups. Bacteriologic observations (10)
also militate against this theory. Although
psoriatie horny layers are rich in sulfhydryl
groups (11, 12, 13), their Gram positivity is not
pronounced; only a few thin strata show a posi-
tive stain. We believe, therefore, that the Gram
stain is not connected with —SH groups. In
earlier studies (14), it was noted that sulfhydryl
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FIG. 1. Normal plantar skin. Keratohyalin granules and str. lucidum strongly positive
Fin. 2. Normal plantar skin (str. Malpighi). Gram staining after pretreatment with bromine vapor.
Distinct Gram-positive tonofibrillar particles.
groups, stained with the Chèvremont-Frédéric
method, are chiefly in the lower layers of the
epidermis.
Frozen sections of human plantar skin proc-
essed by Pearse's method of selective oxidation,
as described above, showed a strong reaction in
the basal part of the keratinizcd layer, while the
KG stained decidedly weaker (Fig. 3).
In psoriatic epidermis, the KG are mostly
absent; where they are present, they are only
weakly Gram-positive, as is the deeper part of
the horny layer.
suMMAEv
1. We confirmed the observation that KG con-
tain ribonucleic acid by using methyl green-
pyronin staining.
2. The metachromasia of the KG with the
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Fm. 3. Normal plantar skin. Selective oxidation with peracetic acid, followed by cobalt nitrate and
ammonium hydroxide, according to Pearse. Strong reaction in the keratohyalin layer and diffuse im-
pregnation in the str. corneum.
Giemsa stain and their blue staining by the
Ritter-Oleson method suggest that these struc-
tures also contain acid mucopolysaccharides, as
indicated by the chemical data reported by
Flesch ci al (5).
3. In view of our findings in normal and psori-
atic human skin with the Barnett-Seligman and
Chèvremont-Frdddrie methods, it appears that
the Gram-positivity of KG and of the barrier
layer is not due to their —SR content.
4. It seems probable that KG contains also
lipids. According to recent observations (15),
the possibility exists that hexosamine complexes
show some degree of osmiophilia.
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